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Background: The full reopening of schools in September 2020 was associated with an increase in COVID-19
cases and outbreaks in educational settings across England.
Methods: Primary and secondary schools reporting an outbreak (2 laboratory-confirmed cases within 14
days) to Public Health England (PHE) between 31 August and 18 October 2020 were contacted in November
2020 to complete an online questionnaire.
Interpretation: There were 969 school outbreaks reported to PHE, comprising 2% (n = 450) of primary schools
and 10% (n = 519) of secondary schools in England. Of the 369 geographically-representative schools con-
tacted, 179 completed the questionnaire (100 primary schools, 79 secondary schools) and 2,314 cases were
reported. Outbreaks were larger and across more year groups in secondary schools than in primary schools.
Teaching staff were more likely to be the index case in primary (48/100, 48%) than secondary (25/79, 32%)
school outbreaks (P = 0.027). When an outbreak occurred, attack rates were higher in staff (881/17,362; 5.07;
95%CI, 4.755.41) than students, especially primary school teaching staff (378/3852; 9.81%; 95%CI,
8.9010.82%) compared to secondary school teaching staff (284/7146; 3.97%; 95%CI, 3.795.69%). Secondary
school students (1105/91,919; 1.20%; 95%CI, 1.131.28%) had higher attack rates than primary school stu-
dents (328/39,027; 0.84%; 95%CI, 0.750.94%).
Conclusions: A higher proportion of secondary schools than primary schools reported a COVID-19 outbreak and
experienced larger outbreaks across multiple school year groups. The higher attack rate among teaching staff dur-
ing an outbreak, especially in primary schools, suggests that additional protectivemeasuresmay be needed.
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TaggedH1 . Introduction TaggedEnd
TaggedPSARS-CoV-2, the virus responsible for COVID-19, first emerged in
Wuhan, China, in December 2019 and spread rapidly worldwide,
forcing many countries to implement national lockdown, which
included school closures because the role of children in infection and
transmission of SARS-CoV-2 was not known at the time [1]. Children
represent only a small proportion of COVID-19 cases and generally
develop a mild and transient illness  severe disease, hospitalizationTaggedEndTaggedP nd deaths are rare in children [2]. School closure not only affects
children's education, but has a wider negative impact on their physi-
cal, emotional and social well-being, with those from disadvantaged
backgrounds likely to be the most affected [3,4].TaggedEnd
TaggedPIn England, the first imported cases of SARS-CoV-2 were con-
firmed at the end of January 2020 and cases started increasing rapidly
from March 2020 [5]. Schools were closed to all except children of
keyworkers and vulnerable children from 20 March, with a wider
national lockdown imposed from 23 March, which included home
working and closure of non-essential shops and hospitality venues
[6]. Cases of SARS-CoV-2 plateaued in mid-April and then declined
gradually until end-May 2020 [5]. From 01 June 2020, preschools and
some primary school years were allowed to physically re-open, fol-
lowed by some secondary school years from 15 June, until the end of
Research In Context
Evidence before this study
We searched PubMed for articles published between 01 January
and 31 November 2020 with the terms “COVID-1900 or “SARS-
CoV-200 with “school”, “education”, “staff” or “student” to iden-
tify publications relating to COVID-19 cases and outbreaks in
educational settings globally, with no language restrictions.
Countries that kept their preschools and primary schools open
early in the pandemic reported very few cases in school-aged
children or outbreaks in educational settings. Similar experien-
ces were reported by countries that reopened their schools
after their national lockdown, when local community infection
rates were low. A number of countries reported larger and
more extensive COVID-19 outbreaks in secondary schools than
in primary schools.
Added Value of this study
We rapidly investigated primary and secondary schools report-
ing a COVID-19 outbreak to Public Health England following
the full reopening of educational settings during the autumn
term in England. Unlike the summer half-term (June-July
2020), when very few cases and outbreaks were reported in
educational settings, we found both an increase in the propor-
tion of settings experiencing outbreaks, especially in secondary
schools, and important differences in outbreak characteristics.
While outbreaks were less common in primary schools, they
were more likely to affect staff members. Compared to primary
schools, outbreaks in secondary schools were larger, affecting
more students than staff and across multiple year groups.
Implications of all the available evidence
Numerous mitigation processes have been recommended for
the full reopening of schools, but little is known about the feasi-
bility or implementation of these measures across different
educational settings. We found significantly higher SARS-CoV-2
infection rates in staff compared to students, especially in pri-
mary schools. At the time in England, face coverings were
optional for staff in primary schools and, in secondary schools,
were recommended for staff and students in communal areas
outside the classroom if physical distancing was difficult to
maintain. Further studies are needed to identify the most effec-
tive interventions to protect staff and students against SARS-
CoV-2 in educational settings.
TaggedEnd2 F. Aiano et al. / The Lancet Regional Health - Europe 6 (2021) 100120TaggedEndTaggedPthe summer half-term in mid-July 2020 [7]. During this period, the
number of open educational settings increased from 20,500 to a peak
of 23,500, and the number of students attending school increased
from 475,000 to a peak of 1672,000 [8]. Physical distancing and infec-
tion control measures were put in place, including frequent hand
washing, regular cleaning of classrooms and small class sizes
restricted to 15 students and organised into discrete bubbles that did
not physically or socially interact with each other [7]. These meas-
ures, along with low community SARS-CoV-2 infection rates, were
associated with very few infections or outbreaks in educational set-
tings [9].TaggedEnd
TaggedPFrom 31 August 2020, educational settings opened for all students
in England. The same guidelines for physical distancing and other
infection control measures remained in place but the large numbers
of children attending school precluded small class sizes or
organization into small bubbles. During September and OctoberTaggedEndTaggedP2020, SARS-CoV-2 infection rates increased across all age-groups,
including school-aged children, as did the number of COVID-19 out-
breaks reported to Public Health England (PHE) [5]. We, therefore,
initiated a rapid investigation of COVID-19 outbreaks reported to
PHE during the first half of the autumn term in primary and second-
ary schools across England.TaggedEnd
TaggedH12. MethodsTaggedEnd
TaggedP HE initiated a rapid cross-sectional investigation of COVID-19
outbreaks occurring in the first half-term of the 2020/21 autumn
term (31 August to 18 October 2020) in primary and secondary
schools in England. Educational settings that re-opened during this
period included 18,943 primary schools, 5,409 secondary schools,
and 1,231 special schools. Schools that include both primary and sec-
ondary age pupils are counted seperately for primary and secondary
schools in the denominator. (Source: Department for Education). The
same physical distancing and infection control measures were imple-
mented as in the summer half-term [7]. As per national guidance,
face masks and face coverings were not recommended in classrooms,
but staff and children in secondary schools were advised to wear
them in communal areas outside the classroom if physical distancing
was difficult to maintain, while primary schools had the discretion to
recommend face masks or face coverings for staff or visitors [7].TaggedEnd
TaggedPEducational settings were advised to report SARS-CoV-2 cases and
outbreaks to their local PHE Health Protection Teams (HPTs) for pub-
lic health advice and support [9]. Owing to the volume of reported
outbreaks after schools re-opened in September, however, a National
Schools Advice Line opened on 17 September 2020, providing sup-
port and advice for smaller outbreaks of <5 cases. Arrangements
were also made to allow some local authorities and other stakehold-
ers to support HPTs with outbreak management. Schools were regu-
larly provided with updated guidance on management of cases and
contacts in educational settings [10,11]. Outbreaks reported to PHE
are routinely recorded in HPZone, an online national case manage-
ment system used by PHE HPTs to record events that require public
health management [9]. HPZone, however, records limited data on
individual outbreaks. The PHE national COVID-19 surveillance team
use a weekly HPZone extract to report a summary of COVID19 out-
breaks linked to educational and other settings [12]. To collect more
detailed information on individual outbreaks in educational settings,
PHE contacted headteachers or nominated Senior Management Team
(SMT) members of primary and secondary schools reporting an out-
break during the first half of the autumn term and asked them to
complete a secure online questionnaire developed using SnapSurvey
v.11 or to provide the information over the telephone (Supplement
Table S1). We aimed to contact as many schools as possible during
the first two weeks of November 2020 and identified ~40% of schools
in each PHE region using a purposive and pragmatic sampling strat-
egy to achieve geographical representation of reported school out-
breaks nationally. TaggedEnd
TaggedH2 .1. Definitions TaggedEnd
TaggedPA case of COVID-19 was defined as any symptomatic individual
testing positive for SARS-CoV-2 by RT-PCR on an upper respiratory
tract swab. In England, all individuals have access to free testing for
SARS-CoV-2 if they develop COVID-19 symptoms (fever, new contin-
uous cough, loss of test/smell) [13]. Primary school and secondary
school children were aged 411 and 1118 years, respectively.
Teaching staff were defined as any member of staff with a teaching
role and included teachers, teaching assistants and specialist teach-
ers, who were more likely to have direct close contact with students.
Non-teaching staff were defined as members of staff in a non-teach-
ing role, such as administrative and domestic staff. An outbreak was
defined as two or more laboratory-confirmed cases of COVID-19 with
TaggedEndF. Aiano et al. / The Lancet Regional Health - Europe 6 (2021) 100120 3TaggedEndTaggedPillness onset dates, or test positivity dates if asymptomatic, within
14 days of each other. TaggedEndTaggedH2 .2. Data management and analysis TaggedEnd
TaggedPData collected through SnapSurvey were downloaded into Micro-
soft Excel 365 and Stata v.15 (Statacorp, Tx) for analysis. Outbreaks
were categorised into primary or secondary schools in HPZone. After
survey completion, some schools were subsequently identified as
combined schools that hosted both primary and secondary school
years on the same site; these were excluded from further analyses.
Nurseries and Special Educational Needs and Disabilities (SEND)
schools were excluded because they had very specific risk factors for
SARS-CoV-2 infection, transmission and outbreaks. SARS-CoV-2 con-
firmation in the index case was used to identify the start of an out-
break. Data are mainly descriptive. Denominators for total student
and staff numbers were reported by individual schools in the ques-
tionnaire. Continuous data that did not follow a normal distribution
are described as medians with interquartile ranges. Proportions are
presented with 95% binomial confidence intervals and compared
using the chi-squared or Fisher's Exact test. Attack rates were calcu-
lated by dividing the number of cases by the population at risk (e.g.
primary school teachers) and compared using Fishers Exact probabil-
ity tests via the prop.test function in R studio (version 1.3.1056).
Analyses were not adjusted for multiple comparisons. TaggedEnd
TaggedEnd TaggedFigure
Fig. 1. COVID-19 outbreaks by region that were (A) reported and (B) investigated by Publ
2020) in England. Some outbreaks reported to PHE as occurring in primary or secondary schools
schools on the same site, which were excluded from further analyses.TaggedEndTaggedH2 .3. Role of the funding source TaggedEnd
TaggedP his surveillance was internally funded by PHE and did not
receive any specific grant funding from agencies in the public, com-
mercial or not-for-profit sectors. All authors had access to the data;
the first and final authors verified the data and had final responsibil-
ity for the decision to submit for publication. TaggedEnd
TaggedH13. Results TaggedEnd
TaggedPBetween 31 August and 18 October 2020, 969 COVID-19 out-
breaks in primary and secondary schools across England were
reported to PHE (See Flowchart, Supplement Figure S2). Of these,
450 were in primary schools (2% of primary schools) and 519 in sec-
ondary schools (10% of secondary schools) (Fig. 1). Reported out-
breaks increased rapidly after schools reopened, peaking during the
week of 1420 September 2020 and remained high until the end of
the investigation period (week of 1218 October 2020) (Supplement
Figure S3). Outbreaks were reported across all English regions, with
the greatest number of outbreaks reported in the London region and
the West Midlands. Although there are nearly five times as many pri-
mary schools as secondary schools in England, there were more sec-
ondary than primary school outbreaks in six of the nine English
regions (Fig. 1).TaggedEnd
TaggedPIn total, 369 schools reporting an outbreak (38% of reported
outbreaks in educational settings) were contacted during the firstic Health England during the first half of the autumn term (31 August to 18 October
were subsequently identified as combined schools that hosted both primary and secondary
TaggedEnd4 F. Aiano et al. / The Lancet Regional Health - Europe 6 (2021) 100120TaggedEndTaggedPtwo weeks of November 2020. Of these, 197 (53%) completed the
survey. Five schools provided insufficient information, two were
excluded because the outbreak occurred in a nursery attached to
the primary school and 11 others were excluded because they
were combined primary and secondary schools on the same site
(Fig. 1). Therefore, 179 geographically-representative primary
(n = 100, 56%) and secondary (n = 79, 44%) schools with con-
firmed COVID-19 outbreaks across England were included in the
analysis (Supplement Figure S1). TaggedEnd
TaggedH23.1. Outbreaks TaggedEnd
TaggedPOutbreaks in primary schools involved 235 (median 6, IQR
410) cases compared to 2100 (median 15, IQR 8.527) cases in
secondary schools (P<0.001) (Table 1). Most outbreaks occurred
across >1 year group in both primary and secondary schools, but
84%% (66/79) of secondary school outbreaks occurred across 3 year
groups, compared to 25% (25/100) in primary schools (P<0.001). Out-
breaks involving staff only were rare in both primary (6/100, 6%) and
secondary schools (1/79, 1.3%) (Table 1). In total, 24 schools closed
for up to 14 days (9 for 2 days, 9 for 313 days and 6 for 14 days)
because of the outbreak, for multiple reasons, including deep clean-
ing, lack of staff, large numbers of contacts and to break the chain of
transmission. TaggedEnd
TaggedP he reported index case in each outbreak varied by educa-
tional setting (P = 0.012). Teaching staff were more likely to be
the index case in primary schools (48/100, 48%) than in secondary
schools (25/79, 32%; P = 0.027) (Table 1). Most outbreaks
involved both staff and students, irrespective of the educational
setting or whether the index case was a staff member or a stu-
dent. While some outbreaks in secondary schools involved only
students, reported outbreaks in primary schools always involved
staff and students (Table 2). The source of infection was not
known for most index cases. The most common reason for SARS-
CoV-2 testing in the first four cases involved in the outbreak was
presence of COVID-19 symptoms in 68% (433/635) with 6% (36/
635) tested because they were contacts of a confirmed case in
school, while 18% (112/635) reported contact with a household
case (Supplement Table S4). TaggedEndTaggedEnd Table 1
Summary of cases and size of outbreaks reported to Public Health Engla
October 2020) in England.
Primary n
(% in primary schools)
Seconda
(% in se
Total number of schools 100 79
Total cases (% of cases across both
settings)
799 1515
Student cases 328 (41%) 1105 (7
Staff cases 471 (59%) 410 (27
Median (IQR) number of cases per
outbreak
6 (410) 15 (82
Mode number of cases per outbreak 3 6
Total numbers of cases per outbreak 235 2100
Index case in the outbreak
Teaching staff 48 (48%) 25 (32%
Student 35 (35%) 47 (59%
Non-teaching staff 9 (9%) 6 (8%)
Another source 1 (1%) 0 (0%)
Not reported 7 (7%) 1 (1%)
Groups affected by the outbreak n (%) n (%)
Staff only 6 (6%) 1 (1%)
1 year group only 39 (39%) 5 (6%)
2 year groups 30 (30%) 7 (9%)
3 or more year groups 25 (25%) 66 (84%
* Proportions were compared using chi squared or Fishers Exact Test,
Whitney U Test.TaggedH23.2. Attack rates in staff and students TaggedEnd
TaggedP here were 2314 SARS-CoV-2 cases reported across the 179
schools, including 799 cases in primary schools and 1515 cases in sec-
ondary schools (Table 1). In students, SARS-CoV-2 attack rates
increased with increasing school academic year, peaking in academic
year 11 (1516 year-olds) (Supplement Figure S5). Attack rates in
secondary school students (1.20%; 95%CI, 1.131.28%) were signifi-
cantly higher than in primary school students (0.84%; 95%CI,
0.750.94%) (P<0.001) (Table 3), while attack rates in staff members
(5.07%; 95%CI, 4.755.41%) were almost five times higher than in stu-
dents (1.09%; 95%CI, 1.041.15%) (P<0. 001). Additionally, teaching
staff (6.02%; 95%CI, 5.596.48%) had higher attack rates than non-
teaching staff (3.44%; 95%CI, 3.013.93%) (P<0.001) (Table 3). Within
an outbreak setting, primary school teaching staff had the highest
attack rate (9.81%; 95%CI, 8.9010.82%). Teaching staff in secondary
schools by comparison had an attack rate of 3.97% (95%CI,
3.544.46%) (P<0.001), while non-teaching staff had the lowest
attack rate (2.98%; 95%CI, 2.074.26%) (Table 3). TaggedEnd
TaggedPWhen assessed by index case status, attack rates in primary and
secondary school students were low, irrespective of whether the
index case was a student or a staff member. In contrast, when the
index case was a staff member, attack rates were high among other
staff members, being highest among primary school teaching staff
(250/1832, 13.65%; 95% CI, 12.1215.32%) (Table 4). Where a student
was the index case, attack rates were higher for teaching staff in pri-
mary schools (86/1300, 6.62%; 95% CI, 5.358.14%) than secondary
schools (144/4678, 3.08%; 95% CI, 2.613.62%) (P<0.001) (Table 4).TaggedEnd
TaggedH14. Discussion TaggedEnd
TaggedP he reopening of all schools after 31 August 2020 was associated
with nearly 1000 primary and secondary school outbreaks of COVID-
19 reported to PHE during the first half of the autumn term. These
represented 2% of primary schools and 10% of secondary schools
across England, and 32% of all outbreaks reported to PHE across all
settings (care homes, hospital, prisons, workplaces, food outlets and
other) [12]. Detailed follow-up of 179 schools reporting an outbreak
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medians with interquartile ranges were compared using the Mann-
TaggedEnd Table 2
Involvement of students and staff according to the index cases in outbreaks reported to Public Health
England (PHE) during the first half of the autumn term in England.
School type
Index case Group affected Primary schools Secondary schools Both settings
Teaching staff Staff only 4/48 (8%) 0/25 (-) 4/73 (5%)
Student only 0/48 (-) 0/25 (-) 0/73 (-)
Both 44/48 (92%) 25/25 (100%) 69/73 (95%)
Student Staff only 0/35 (-) 1/47 (2%) 1/82 (1%)
Student only 10/35 (29%) 6/47 (13%) 16/82 (20%)
Both 25/35 (71%) 40/47 (85%) 65/82 (79%)
Non-teaching staff Staff only 2/9 (22%) 0/6 (-) 2/15 (13%)
Student only 0/9 (-) 0/6 (-) 0/15 (-)
Both 7/9 (78%) 6/6 (100%) 13/15 (87%)
TaggedEnd Table 3
Attack rate with 95% confidence intervals by education setting for staff and students in primary and secondary
schools reporting a COVID-19 outbreak during the first half of the autumn term (31 August to 18 October 2020) in
England.
School type
Primary Secondary Both settings
Total number of schools 100 79 179
Student cases 328 1105 1433
Total students 39,027 91,919 130,946
Student attack rate,% (95% CI) 0.84% (0.750.94%) 1.20 (1.131.28%) 1.09% (1.041.15%)
Staff cases 471 410 881
Total staff 5852 11,510 17,362
Staff attack rate,% (95% CI) 8.05% (7.378.78%) 3.56% (3.243.92%) 5.07% (4.755.41%)
Teaching staff cases 378 284 662
Total teaching staff 3852 7146 10,998
Teaching staff attack rate,% (95% CI) 9.81% (8.9010.82%) 3.97% (3.544.46%) 6.02% (5.596.48%)
Non-teaching staff cases 93 126 219
Total non-teaching staff 2000 4364 6364
Non-teaching staff attack rate,% (95% CI) 4.65% (3.795.69%) 2.89% (2.423.44%) 3.44% (3.013.93%)
All cases 799 1515 2314
Total population (staff & students) 44,879 103,429 148,308
Attack rate,% (95% CI) 1.78% (1.661.91%) 1.46% (1.3915.4%) 1.56% (1.50 1.62%)
TaggedEndF. Aiano et al. / The Lancet Regional Health - Europe 6 (2021) 100120 5TaggedEndTaggedPoccurred, teaching staff were more likely to be affected than non-
teaching staff, with the highest rates reported in primary school
teachers, who were also more likely to be the index case in primary
schools than students. Among students, secondary school students
had higher attack rates than primary school students and were more
likely to be the index case in secondary schools than teaching or non-
teaching staff. Outbreaks were larger and across multiple year groups
in secondary schools compared to primary schools, but, reassuringly,
attack rates in students were very low in both settings, irrespectiveTaggedEnd Table 4
Attack rates with 95% confidence intervals in students and staff according to the index
the autumn term in England.
Attack Rate
Index Case Group affected Primary Schools
Student Students 167/13,967 (1.20%; 1.03 - 1.39%)
Teaching staff 86/1300 (6.62%; 5.35 - 8.14%)
Non-teaching staff 16/747 (2.14%; 1.27 - 3.53%)
Total (all staff/students) 269/16,014 (1.68%; 1.49 - 1.89%)
Teaching staff Students 127/18,083 (0.70%; 0.59 - 0.84%)
Teachers 250/1832 (13.65%; 12.12 - 15.3
Non-teaching staff 53/890 (5.96%; 4.53 - 7.77%)
Total (all staff/students) 430/20,805 (2.07%; 1.88 - 2.27%)
Non-teaching staff Students 13/3853 (0.34%; 0.19 - 0.59%)
Teaching staff 21/356 (5.90%; 3.78 - 9.01%)
Non-teaching staff 16/197 (8.12; 4.86  13.08%
Total (staff and students) 50/4406 (1.13%; 0.85 - 1.51%)TaggedEndTaggedPof the source of the index case. Most outbreaks involved both staff
and students across both educational settings, although some out-
breaks in secondary schools involved students only.TaggedEnd
TaggedPIn England, the reopening of schools in the autumn term was a
very different experience compared to the summer half-term, when
national lockdown was still in place. In June, community SARS-CoV-2
infection rates were very low, only a few academic years were
allowed back in school (mainly in preschool and primary school
years), class sizes were restricted to small numbers and staff tocase in outbreaks reported to Public Health England (PHE) during the first half of
Secondary Schools Both Settings
700/56,418 (1.24%; 1.15 - 1.34%) 867/70,385 (1.23%; 1.15 - 1.32%)
144/4678 (3.08%; 2.61 - 3.62%) 230/5978 (3.85%; 3.38 - 4.97%)
56/2708 (2.07%; 1.58 - 2.70%) 72/3455 (2.08%; 1.65 - 2.63%)
900/63,804 (1.41%; 1.32 - 1.51%) 1169/79,818 (1.46%; 1.39 - 1.55%)
330/27,119 (1.22%; 1.09 - 1.36%) 457/45,202 (1.01%; 0.92 - 1.10%)
2%) 123/1786 (6.89%; 5.78 - 8.19%) 373/3618 (10.31%; 4.22 - 6.13%)
57/1269 (4.49%; 3.45 - 5.82%) 110/2159 (5.09%; 4.22 - 6.13%)
510/30,174 (1.69%; 1.55 - 1.84%) 940/50,979 (1.84%; 1.73 - 1.97%)
65/6556 (0.99%; 0.77 - 1.27%) 78/10,409 (0.75%; 0.60 - 0.94%)
17/532 (3.20%; 1.93 - 5.17%) 38/888 (4.28%;3.09 - 5.88%)
) 13/337 (3.86%; 2.16 - 6.67%) 29/534 (5.43%; 3.73  7.79%)
95/7425 (1.28%; 1.04 - 1.57%) 145/11,831 (1.23%; 1.04 - 1.44%)
TaggedEnd6 F. Aiano et al. / The Lancet Regional Health - Europe 6 (2021) 100120TaggedEndTaggedPstudent ratios were higher than usual [7]. Additionally, staff and stu-
dents were segregated into distinct bubbles that did not interact with
each other and could easily be identified for self-isolation if a case
was confirmed in the bubble [7]. Consequently, there were very few
confirmed cases and outbreaks of COVID-19 reported in schools dur-
ing the summer half-term, and a large proportion of confirmed out-
breaks involved staff members only, with more than half the
outbreaks involving only two cases [9]. At that time, the experience
in England was consistent with reports from the few countries that
had kept their preschools and primary schools open throughout the
first wave of pandemic in the spring of 2020 [4], and with schools
that re-opened after their national lockdown in the summer of 2020
[4,14-17]. There were, however, reports of higher numbers of cases
and outbreaks in secondary schools than in primary schools in the
same region (i.e. areas where both educational setting types had the
same community infection risk) [18-20]. In the Netherlands, public
health investigations found that just over half the cases in secondary
school clusters were acquired outside school, mainly during intensive
contact with friends or classmates in their free time [16]. Addition-
ally, infections in secondary schools were seen mainly in small
groups of students and separately in teachers. Accordingly, the Neth-
erlands does not recommend self-isolation for classmates unless they
had intensive contact with a confirmed case [16]. In our outbreak
investigation, we also observed an increasing risk of infection with
age, which is consistent with national data in England [5], and there
were some secondary school outbreaks that were restricted to stu-
dents only. Older children appear to be at increased risk of SARS-
CoV-2 infection [21], may be more efficient transmitters of the virus
[22], and have increased social contacts and mixing patterns than
younger children, which may all increase the risk of more widespread
infection in this group. TaggedEnd
TaggedPCompared to the students, however, SARS-CoV-2 infection rates dur-
ing school outbreaks were significantly higher in school staff, especially
teaching staff. This was particularly the case for teaching staff in primary
schools, who were also more likely to be the index case in primary
school outbreaks. In primary schools, attack rates were also highest
among teaching staff when the index case was also a member of the
teaching staff. For both staff and students, SARS-CoV-2 may have been
acquired in the community or within the educational setting. Cases in
staff members, however, are more concerning because adults are more
likely to develop severe disease, require hospitalization, intensive care
and die of COVID-19 compared to children [23,24]. We were unable to
ascertain the potential source of infection for the reported cases because
outbreak information was obtained from Headteacher/SMT interviews.
Notably though, most cases in the outbreaks were tested because they
were symptomatic for COVID-19, with fewer than 10% tested because
they were contacts of a confirmed case in school. In addition, the offer
of testing in these outbreaks followed national guidelines and was
mainly restricted to symptomatic individuals [25]. We were, therefore,
unable to assess the role of asymptomatic infection and transmission
among staff and students.TaggedEnd
TaggedP he higher infection rates in primary compared to secondary
school staff during outbreaks could be due to difficulties in maintain-
ing physical distancing between staff and students (and among the
students themselves)because they are usually physically smaller
than secondary schools. Another important difference is that face
coverings are discretionary for staff or students in primary schools
but, in secondary schools, are recommended for use in communal
areas outside the classroom [7]. Reassuringly, though, recent ONS
analysis found no evidence of differences in infection positivity rates
between primary and secondary school teachers, other key workers
and other professions between 02 September and 16 October 2020,
although the confidence intervals around the point estimates were
wide because of small numbers [26]. This could be a reflection of the
extensive infection control practices in educational settings com-
pared to other places of employment. TaggedEndTaggedH24.1. Strengths and limitations TaggedEnd
TaggedP he strength of this analysis lies in the real-time national surveil-
lance undertaken by PHE of outbreaks in institutional settings,
including schools, with daily updates through a national online elec-
tronic data management system. However, because of the large num-
bers of cases and outbreaks reported to PHE at the start of the
autumn term, smaller outbreaks were subsequently managed by the
schools themselves, with support from the National Schools Advice
line and other partners such as Local Authorities, without input from
PHE. Smaller outbreaks may, therefore, not have been recorded on
HPZone. Currently, for example, the London region only records out-
breaks involving more than five cases on HPZone, the North East only
reports complex outbreaks, and the North West and East of England
only report outbreaks which require public health intervention. In
addition, the investigated outbreaks relied on passive identification
and notification of confirmed cases and, because wider testing was
not performed, it is not possible to assess the extent of asymptomatic
spread among other staff and students attending affected settings. TaggedEnd
TaggedPAnother limitation is that the investigations was limited to a sam-
ple of 20% of the outbreaks reported during the period of interest,
although these were geographically representative of total reported
outbreaks. Of the contacted schools, 47% did not participate due to
lack of time/capacity to complete the survey and general survey
fatigue. Additionally, this was a retrospective interview rather than a
detailed prospective investigation and, therefore, the data collected
were limited by the information available to the interviewee. Specific
limitations include limited demographic, symptoms and outcome
data collected for staff and students, lack of information on the source
of infection in the index case, and lack of wider testing of contacts
and their household members to better understand asymptomatic
infection and transmission within educational settings as well as
between schools and households. Because of the lack of viral genomic
data, too, it was not possible to determine whether these were genu-
ine outbreaks caused by the same SARS-CoV-2 strain or a result of
multiple separate introductions into the school. We were also unable
to assess adherence to nationally recommended infection control
measures in the schools reporting an outbreak. Factors affecting the
risk and size of COVID-19 outbreaks within educational settings
include not only the use of facemasks and face covering but also the
size of the school and individual classes, ability to maintain physical
distancing inside school premises, implementation and adherence to
other infection control measures such as frequent hand washing and
sanitization of high-touch contact surfaces, items and equipment.
Factors outside the educational settings are also likely to be impor-
tant, including local community infection rates, population density
and indices of deprivation, as well as household characteristics, such
as number of children and adults in the household and occupation of
adults.TaggedEnd
TaggedH24.2. Implications of findings TaggedEnd
TaggedP here is increasing evidence that SARS-CoV-2 infections in educa-
tional settings are strongly associated with community infection
rates in adults [27]. We have previously shown that the risk of school
outbreaks correlated with regional SARS-CoV-2 infection rates during
the summer half-term in England [9]. Maintaining low community
infection rates is, therefore, critical for reducing the risk of virus
introduction into educational settings. Additionally, despite the chal-
lenges in implementing national recommendations for the large
numbers of students returning to school (as evidenced by most out-
breaks involving both staff and students), it is highly likely that the
implemented measures have helped reduce SARS-CoV-2 transmis-
sion within schools. This may explain why only 2% of primary schools
and 10% of secondary schools reported an outbreak to PHE during the
first half of the autumn term. The reopening of all schools on 08
TaggedEndF. Aiano et al. / The Lancet Regional Health - Europe 6 (2021) 100120 7TaggedEndTaggedPMarch 2021 In England, the emergence and rapid spread of a more
transmissible SARS-CoV-2 variant B.1.1.7 led to a third national lock-
down, including school closures, in December 2020. Cases increased
rapidly throughout December 2020 and then declined during January
and February 2021 [5], allowing all schools to reopen from 08 March
2021, with new infection control guidance including use of facemasks
or face coverings by secondary school students in classroom and by
primary school staff and visitors in situations where social distancing
between adults is not possible.29 Given that both these groups were
identified as high-risk in our investigation, it is hoped that these new
guidelines will help reduce the risk of SARS-CoV-2 infection and out-
breaks in the coming months. TaggedEnd
TaggedPFurther studies are needed to understand the contribution of in-
school and outside-school transmission to SARS-CoV-2 spread and
especially the role of asymptomatic infection and transmission
among staff and students. These should include detailed prospective
outbreak investigations with genomic sequencing of SARS-CoV-2
strains to determine whether the same strain is responsible for the
reported outbreaks, as well as antibody testing to capture asymptom-
atic infections and define the true spread of an outbreak. Such studies
are currently underway in the School Infection Survey (SIS) in Eng-
land,30 which should provide important data to help keep educa-
tional settings open and allow staff and students to attend school
safely during the current pandemic.TaggedEndTaggedH1Ethical approval TaggedEnd
TaggedP HE has legal permission, provided by Regulation 3 of The Health
Service (Control of Patient Information) Regulations 2002, to process
patient confidential information for national surveillance of commu-
nicable diseases and as such, individual patient consent is not
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ity for the decision to submit for publication. TaggedEndTaggedH1Data sharing TaggedEnd
TaggedPApplications for relevant anonymised data should be submitted to
the Public Health England Office for Data Release: https://www.gov.
uk/government/publications/accessing-public-health-england-data/
about-the-phe-odr-and-accessing-data.TaggedEndTaggedH1Contributions TaggedEnd
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